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Materials and Methods

Mice

All knockout and transgenic mice used in these studies are on a C57BL/6 background.
C57BL/6 (WT), IFNAR” (B6.129S2-Ifnarl™*¢/Mmjax) and IRF1” (B6.129S2-
Irf1™™M% 1) were purchased from Jackson Laboratories. RAG” OT-II"
CD45.1""" mice were provided by Dr. Peter Savage and bred and housed in our animal
facility. HLA-DQS8 transgenic (DQ8tg) mice were previously described (47) and
maintained on a gluten-free diet (AIN76A, Envigo). TG2” mice were previously
described (48). For all experiments, mice were analyzed at 6-8 weeks of age. C57BL/6
mice were maintained in an SPF environment at the University of Chicago and
Vanderbilt University. IENAR”, IRF17, RAG” OT-II"" CD45.1"" and DQ8tg mice
were housed exclusively at the University of Chicago. Experiments comparing WT and
knock out mice were performed either using littermate controls or mice that were co-
housed for 15 to 21 days. Animal husbandry and experimental procedures were
performed in accordance with Public Health Service policy and approved by the
University of Chicago and Vanderbilt University School of Medicine Institutional
Animal Care and Use Committees.

Cells and viruses

Spinner-adapted murine 1.929 (L) cells were grown in either suspension or monolayer
cultures in Joklik’s modified Eagle’s minimal essential medium (SMEM; Lonza)
supplemented to contain 5% fetal bovine serum (FBS; Gibco), 2 mM L-glutamine, 100
U/ml penicillin, 100 pg/ml streptomycin (Gibco), and 25 ng/ml amphotericin B (Sigma).
BHK-T7 cells were grown in Dulbecco’s modified Eagle’s minimal essential medium
(DMEM; Gibco) supplemented to contain 5% FBS, 2 mM L-glutamine, 1 mg/ml
geneticin (Gibco), and nonessential amino acids (Sigma). Caco-2 cells were grown in
DMEM supplemented to contain 10% FBS, 100 U/ml penicillin, 100 pg/ml streptomycin,
I mM sodium pyruvate (Gibco), nonessential amino acids, and 12.5 ng/ml amphotericin
B. Caco-2 cells were plated at a density of 10° cells/well in 24-well plates (Costar).
Rhesus monkey kidney (MA104) cells were provided by Dr. John Patton and grown in
DMEM supplemented to contain 5% FBS, 2 mM L-glutamine, nonessential amino acids,
and 1 mg/ml geneticin as previously described (49). Mouse embryonic fibroblasts
(MEFs) from C57BL/6 mice were grown in DMEM supplemented to contain 10% FBS, 2
mM L-glutamine, 100 U/ml penicillin, 100 pg/ml streptomycin, and nonessential amino
acids.

Recombinant reoviruses were generated using plasmid-based reverse genetics (50).
Recombinant strain (rs) type 1 Lang (T1L) is a stock generated by plasmid-based rescue
from cloned TIL ¢cDNAs (5/). The engineered reassortant virus strain, T3D-RV, was
recovered following transfection of BHK-T7 cells with plasmid constructs encoding the
S1 and L2 gene segments from strain T1L and the remaining eight gene segments from
strain type 3 Dearing (T3D). After 3 to 5 days of incubation, cells were frozen and
thawed three times, and virus was isolated by plaque purification using monolayers of L
cells (52). Purified reovirus virions were generated from second- or third-passage L cell
lysate stocks (53). Viral particles were extracted from infected cell lysates using Vertrel
XF (DuPont), layered onto 1.2- to 1.4- g/em® CsCl gradients, and centrifuged at 62,000 x




g for 16 hours. Bands corresponding to virions (1.36 g/cm®) were collected and dialyzed
in virion storage buffer (150 mM NaCl, 15 mM MgCl,, and 10 mM Tris-HCI [pH 7.4])
(54). Viral titer was determined by plaque assay using L cells (52). Purified viral particles
were electrophoresed on SDS-polyacrylamide gel. The gel was stained with ethidium
bromide to visualize viral gene segments.

Infection of mice

Mice were inoculated perorally with purified reovirus diluted in phosphate-buffered
saline (PBS) using a 22-gauge round-tipped needle (Cadence Science) (55). Titers of
virus in the inocula were determined to confirm the number of infectious particles in the
administered dose. For analysis of viral titer, mice were euthanized at various intervals
post-inoculation, organs were harvested into 1 ml of PBS and stored at -80 °C prior to
assay. Samples were thawed (37 °C), bead beaten for 8 minutes, frozen (-80 °C), and
bead beaten again for 5 minutes prior to quantitation by plaque assay. Viral titers in organ
homogenates were determined as the number of plaque forming units (PFU) per ml of
tissue or cell-culture homogenate (52). All of our initial studies, with the exception of the
genomic studies that analyzed different tissue compartments, were performed 6 days after
inoculation with 10'® PFU of virus. Analysis of dendritic cells (DC) in WT and in
IFNAR” mice upon reovirus infections was performed at 48h, and required the
adjustment of the amount of virus used for infection to 10* PFU. Indeed, at that time point
and with a dose of 10'° PFU of virus, the titers of reovirus in the mesenteric lymph nodes
(mLN) are high (10™* PFU), especially in IFNAR™ mice, and the immune system 1is
hyperactivated, hampering the ability to detect quantitative differences between viruses
and genotypes. The same dose of 10° PFU of virus was used when T cell responses to
dietary antigens were analyzed in IFNAR™ and IRF17 mice at 48 hours.

Antibodies and flow cytometry

The following fluorophore conjugated antibodies were purchased from eBioscience: T-
bet (4B10), Foxp3 (FJK-16s), MHCII (M5/114.15.2), CD11b (M1/70), IL-12p40 (C17.8),
CD62L (MEL-14), CD25 (PC61.5), Rat IgG1, Rat IgG2a, Rat IgG2b and Mouse IgG1.
The following antibodies were purchased from BD Biosciences: IFNy (XMG1.2), CD103
(M290), CD45 (30-F11), and Fc Block™ (2.4G2). The following antibodies were
purchased from Biolegend: CD4 (GKI1.5), TCRb (H57-597), CD45.1 (A20), CDllc
(N418), CD8a (53-6.7), CD86 (GL-1), CD44 (IM7), and F4/80 (BM&). Immunoglobulin
G (IgG) fractions of rabbit antisera raised against reovirus strains (T1L) and (T3D) (56)
were purified by protein A sepharose chromatography (57). Aqua LIVE/DEAD® Fixable
Aqua Dead Cell Stain Kit was purchased from Life Technologies. Cells were
permeabilized with the Foxp3 fixation/permeabilization kit for transcription factor
(eBioscience) or Cytofix/Cytoperm (BD Biosciences) for cytokine staining. Flow
cytometry was performed with a 9-color BD FACSCanto (BD Biosciences) and data
were analyzed using FlowJo software (Treestar). Sorting experiments were performed
with an Aria Fusion (BD Biosciences).

Assays of reovirus replication, infectivity and type-1 interferon response

Caco-2 cells were adsorbed with reovirus at a multiplicity of infection (MOI) of 0.1, 1, or
10 PFU/cell, washed with PBS, and incubated at 37 °C for various intervals. Cells were
frozen and thawed twice prior to determination of viral titer by plaque assay using L cells




(52) or lysed for analysis of type-1 interferon inducible genes by RT-PCR. Mouse
embryonic fibroblasts (MEFs) were adsorbed with reovirus at a MOI of 500 PFU/cell,
washed with PBS, and incubated at 37 °C for 16 hours. Supernatants were analyzed for
IFNB by ELISA (PBL Interferon Source).

Histology and immunohistochemistry

Mice were inoculated perorally with purified reovirus diluted in PBS. At 1 and 8 days
post-inoculation (dpi), mice were euthanized, and intestines of infected mice were
resected. The proximal half was prepared for viral titer determination by plaque assay,
and the distal half was flushed with 10% formalin and Swiss-rolled. Samples were
submerged in 10% formalin at room temperature for 24 or 48 hours and embedded in
paraffin. Consecutive 6-um sections were stained with hematoxylin and eosin (H&E) for
evaluation of histopathologic changes or processed for immunohistochemical detection of
reovirus antigen. Images were captured at 20x magnification at a resolution of 0.5
um/pixel using a high-throughput Leica SCN400 slide scanner automated digital imaging
system.

Isolation of Peyer’s patches, intestinal epithelium and lamina propria

Peyer’s patches (PP) were removed, treated with collagenase VIII (Sigma) and processed
by mechanical disruption through a 70-um cell strainer. The intestinal epithelium was
isolated as previously described using RPMI media containing 2 mM EDTA (Corning),
1% dialyzed FBS, and 1.5 mM MgCl,. The lamina propria (Lp) was isolated as
previously described using RPMI media containing 20% FBS and collagenase VIII
(Sigma) (47).

In vivo T cell conversion assays

To assess T cell conversion in vivo, CD4" T cells were purified from the spleen and
lymph nodes of RAG”™ OT-II"" CD45.1"" mice using the CD4" T cell isolation Kit
(Miltenyi) or sorted on a FACS Aria Fusion (BD Biosciences). 4x10° to 7.5x10° cells
were transferred retro-orbitally into congenic naive C57BL/6 mice. Mice received
ovalbumin (OVA) (grade V, Sigma) dissolved in the drinking water (1.5%) for 2 or 6
days, as indicated or were fed an OVA-containing diet (Harlan Envigo TD 130362
10mg/kg) for 6 days. One day after transfer, mice were infected perorally with equal PFU
of TIL or T3D-RV as indicated or injected intraperitoneally (i.p.) every other day with 50
ug of polyinosinic:polycytidylic acid (poly(I:C)) (Invivogen) or 1000 IU of mIFNf (PBL
Interferon Source). Mice were euthanized and intranuclear levels of Foxp3, T-bet, or
cytokine IFNy were evaluated by flow cytometry in transferred CD45.1" and recipient T
cells from mLN incubated in the presence of 50 ng/ml phorbol 12-myristate 13-acetate
(PMA), 500 ng/ml ionomycin (Sigma) and 1.3 pl/ml Golgi Stop (BD Biosciences) for 2
hours at 37 °C, 5% CO.. For IL-12 staining, cells were incubated in RPMI (Corning) for
6 hours at 37 °C, 5% CO, in the presence of 1 ul/ml Golgi Plug (BD Biosciences).

In vitro T cell conversion assays

mLN DC subsets (CD103" CD11b” CD8a.", CD103" CD11b” CD8a, CD103" CD11b",
CD103" CDI11b") were FACS sorted (Aria Fusion BD Biosciences) 2 days after
inoculation of WT or IRF17 mice with T1L or PBS (sham). DC subsets were then mixed




back at a WT ratio and 5x10° DC / mix were co-cultured for 5 days with 2.5x10* FACS
sorted naive CD4" T cells (Aria Fusion BD Biosciences) from the spleen and lymph
nodes of RAG™ OT-II"" CD45.1"* mice in presence of 100 pg/ml of OVA (Sigma) with
or without 1pug/ml of anti-mouse IL-12p40 neutralizing antibody (BD Pharmingen).

Analysis of cytokine production
IFNy and IL-12p40 cytokine levels in culture supernatants were determined with BioPlex
multianalyte technology (Biorad).

Oral tolerance assay

Mice were inoculated perorally with purified reovirus diluted in PBS or with PBS alone.
100 pg OVA (grade V, Sigma) feeding occurred every other day for 8 days. At day 10
mice were immunized with complete Freund’s adjuvant (CFA)-OVA (emulsion of 50 pl
CFA (Sigma) and 50 pl PBS containing 100 ug OVA) subcutaneously at the back left
and right flank. Draining lymph nodes (dLN) were harvested on day 18 and cells were
restimulated for 48 hours with OVA. Supernatants were analyzed for IFNy by ELISA
(BD Biosciences). Alternatively, when indicated, mice were fed an OV A-containing diet
(10 mg/kcal, Envigo) for 8 days. At day 10, mice were immunized subcutaneously
between the shoulder blades with an emulsion of 100 ul CFA and 100 pl PBS containing
300 pg OVA under isofluorane gas anesthesia. At day 18, mouse sera were obtained by
submandibular bleeding for anti-OVA IgG2c ELISA quantification.

Preparation of chymotrypsin-digested gliadin (CT-gliadin)

Gliadin (Sigma) was dissolved in 2 M NH4HCO; 2 M urea buffer pH 8.0, by vortexing
and digested using a-chymotrypsin (Sigma) for 24 hours on a roller mixer at room
temperature. The reaction was stopped by incubation at 98 °C for 10 minutes. Digested
gliadin was filtered through a 0.45 um membrane (Millipore) and dialyzed against sterile
PBS using snakeskin dialysis tubing with a molecular weight cut-off of 3.5 kDa (Thermo
Scientific). Concentration of CT-gliadin was determined using a BCA assay (Pierce).

Oral antigen uptake by dendritic cells

OVA or CT-gliadin was labeled with Alexa Fluor-647 succinimidyl ester according to the
manufacturer’s protocol (Molecular Probes). Mice received 3.2 mg OVA-Alexa Fluor-
647 or Gliadin-Alexa Fluor-647 by intragastric administration, respectively. Control mice
received similar amounts of unlabeled OVA or CT-gliadin (58). Mice were euthanized 18
hours post-feeding and DCs in mLN were analyzed by flow cytometry.

CFA immunization and subcutaneous ear challenge

DQ8tg mice received 50 mg CT-gliadin orally for 2 days. At the start of feeding mice
were inoculated perorally with purified TIL. Two days after CT-gliadin administration,
CFA-CT-gliadin was administered subcutaneously between the shoulder blades as an
emulsion of 100 ul CFA and 100 pl PBS containing 300 ug CT-gliadin under isofluorane
gas anesthesia. Ear challenges were performed 14 and 24 days after immunization. A
volume of 20 pl of 100 pg CT-gliadin / PBS was injected under isofluorane gas
anesthesia. Ear thickness was measured on days 1, 2, and 3 after each CT-gliadin
challenge using a digital precision caliper (Fisher Scientific). Swelling was determined by
subtracting pre-challenge from post-challenge ear thickness.




Anti-OVA and anti-gliadin IgG2¢ ELISA

High-binding ELISA 96-well plates (Corning) were coated with 50 pl of 10 pg/ml OVA
in PBS or 50 pl of 100 pg/ml CT-gliadin in 100 mM Na,HPO,4 overnight at 4 °C. Plates
were washed three times with PBS 0.05% Tween 20 and blocked with 200 pl of PBS
10% FBS (Anti-OVA ELISA) or 200 ul of 2% BSA in PBS 0.05% Tween 20 (Anti-
gliadin ELISA) for 2 hours at room temperature. Unlabeled IgG2¢ (SouthernBiotech) was
used as positive control. Serum was assessed in duplicate and at two dilutions, typically
1/1000 and 1/5000. Sera were incubated overnight at 4 °C and plates were washed three
times with PBS 0.05% Tween 20. Anti-mouse IgG2c-horseradish peroxidase (HRP)
(SouthernBiotech) in blocking buffer (50 ul at 1/500 dilution) was added to plates and
incubated for 1 hour at room temperature. Plates were washed five times with PBS
containing 0.05% Tween 20. HRP substrate TMB (50 pl) was added and the reaction
stopped by the addition of 50 ul 2 N H,SO4. Absorbance was read at 450 nm. Levels of
anti-OVA IgG2c or anti-gliadin IgG2c¢ were expressed in OD values.

Visualization and quantification of TG2 activity

DQ8tg or TG2"" mice were inoculated perorally with purified T1L reovirus diluted in
PBS or with PBS alone and in vivo TG2 enzymatic activity was assessed 18 hours post
infection, essentially as previously described (59). Six and three hours prior to euthanasia,
mice were injected i.p. (100 mg/kg) with 5-(biotinamido)-pentylamine (5BP), a substrate
for TG2 transamidation activity, which was synthesized following a published protocol
(59). Small intestinal pieces were collected and frozen in optimum cutting temperature
(OCT) compound (Tissue-Tek). Frozen sections of 5 um thickness were cut, fixed in 1%
paraformaldehyde, and TG2 protein was visualized by staining with a rabbit polyclonal
anti-TG2 antibody (custom produced by Pacific Immunology), followed by AF647-
conjugated goat anti-rabbit IgG (LifeTechnologies). TG2 enzymatic activity was
measured using SBP crosslinking, and was visualized by costaining with AF555-
conjugated streptavidin (LifeTechnologies). Images were acquired at 10x magnification
using a Leica SP8 Laser Scanning Confocal microscope. TG2 activity was quantified by
systematically taking two sections of proximal small intestine from each mouse,
quantifying the SBP signal / TG2 protein signal on a per villi basis. The mean 5BP signal
/ TG2 signal is shown for each mouse that was assessed.

Human tissue and serum samples

Serum and duodenal biopsies were collected from consented controls or patients with
celiac disease. Diagnosis of celiac disease was based on detection of anti-
transglutaminase antibodies, villous atrophy, and clinical response to gluten-free diet.
Gluten-free subjects had been under strict gluten-free diet (GFD) for at least 1 year and
had become negative for anti-transglutaminase antibodies and recovered a normal or
subnormal villous architecture (60). Control subjects with normal small intestinal
histology, no family history of CD and no TG2 antibodies, underwent gastrointestinal
endoscopy for a diagnostic work-up (e.g., for evaluation of anemia, abdominal
discomfort, intestinal disorders of non-celiac origin, or failure to thrive) (61).

Control patients: Age range 1-77 (average 24.06); 56.94% females, 43.06% males.
Active patients: Age range 2-69 (average 26.21);  66.21% females, 33.79% males.




GFD patients: Age range 2-79 (average 35.13); 70.5% females, 29.5% males.
These studies were approved by the University of Chicago Institutional Review Board.

Quantification of virus-specific antibody responses

Reovirus-specific antibody responses were determined using a 60% plaque-reduction
neutralization assay (PRNT 60). Serum samples were heat-inactivated at 56 °C for 30
minutes, serially diluted four-fold beginning with a dilution of 1:20, and incubated with
an equal volume of a virus stock containing 100 PFU of T1L for 1 hour. The serum-virus
mixtures were inoculated in duplicate onto confluent L cell monolayers in 12-well tissue
culture plates (Costar), incubated at room temperature for 1 hour, and overlayed with a
1:1 mixture of 1% agar (BD Biosciences) and 2x199 medium (Caisson labs)
supplemented to contain 5% FBS, 4 mM L-glutamine, 200 U/ml penicillin, 200 pg/ml
streptomycin (Gibco), and 50 ng/ml amphotericin B (Sigma). Cells were stained with
neutral red on day 7, and plaques were enumerated (52). Serum reciprocal geometric
mean titers capable of reducing plaque counts by 60% were calculated using regression
analysis.

Rotavirus-specific antibody responses were determined using PRNT 60 assay with simian
rotavirus strain SA11 and MA104 cells both provided by Dr. John Patton. Serum samples
were heat-inactivated at 56 °C for 30 minutes, serially diluted four-fold beginning with a
dilution of 1:20, and incubated with an equal volume of a previously trypsin-activated
rotavirus stock containing 100 PFU. After incubation for 1 hour, the serum-virus
mixtures were inoculated in duplicate onto confluent MA104 cell monolayers in 12-well
tissue-culture plates. On day 3, cells were fixed with neutral-buffered formalin at room
temperature for 1 hour, stained with crystal violet, and plaques were enumerated (49).
Serum reciprocal geometric mean titers capable of reducing plaque counts by 60% were
calculated using regression analysis.

Qualitative detection of Herpes Simplex Virus Type 1 (HSV-1) IgG antibodies were
determined in serum samples using the Zeus Scientific ELISA HSV-1 IgG Test System
(Alere) according to manufacturers’ instructions. These studies were approved by the
Vanderbilt University School of Medicine Institutional Review Board.

RT-PCR

RNA was prepared using the RNeasy Mini Kit (Qiagen) or High Pure RNA isolation kit
(Roche). cDNA synthesis was performed using GoScript (Promega) or Superscript III
First-Strand Synthesis System (Invitrogen) according to the manufacturer’s instructions.
Expression analysis was performed in duplicate via real-time PCR on a Roche
LightCycler 480 using SYBR Green (Clontech) or an Applied Biosystems 7500 Real-
Time PCR system (Life Technologies) with a Power SYBR Green Master Mix (Thermo
Fisher Scientific). Expression levels were quantified and normalized to Gapdh expression
using the following primer pairs:

Species Gene Forward Primer Reverse Primer

Murine Gapdh AGGTCGGTGTGAACGGATTTG TGTAGACCATGTAGTTGAGGTCA
Murine Irfl CAGAGGAAAGAGAGAAAGTCC CACACGGTGACAGTGCTGG
Murine Isgl5 GGTGTCCGTGACTAACTCCAT TGGAAAGGGTAAGACCGTCCT
Murine Mx1 GACCATAGGGGTCTTGACCAA AGACTTGCTCTTTCTGAAAAGCC




Murine 1112b ACAGCACCAGCTTCTTCATCAG TCTTCAAAGGCTTCATCTGCAA
Murine 127 CTCTGCTTCCTCGCTACCAC GGGGCAGCTTCTTTTCTTCT
Human | GAPDH ATGGGGAAGGTGAAGGTCG GGGGTCATTGATGGCAACAATA
Human MXI CAGCACCTGATGGCCTATCA TGGAGCATGAAGAACTGGATGA
Human ISG15 GAGAGGCAGCGAACTCATCT CTTCAGCTCTGACACCGACA
Human IRF1 GCAGCTACACAGTTCCAGG GTCCTCAGGTAATTTCCCTTCCT

Expression analysis for murine Ifna2/Ifnall was performed with TagMan gene-
expression assays and normalized to Gapdh (Applied Biosystems).

Transcriptomics (microarray and RNA-sequencing analysis)

Gene expression was profiled using Illumina Mouse Expression BeadChip WG-6
according to manufacturer’s instructions. Array data was background corrected using
BeadStudio and quantile normalized. A linear model was applied and implemented in the
R programming language, utilizing functions from linear models for microarray data. For
each probe, a moderated t-statistic (with standard errors moderated across genes) was
computed using a Bayesian model to assess differential expression (62). The associated
p-values were adjusted to control the false discovery rate in multiple testing, using the
Benjamini and Hochberg’s (BH) method (BH-adjusted p<0.05) (63). Multiple
dimensional scaling (MDS) was applied to visualize profiles assembled from genes that
were identified as differentially expressed in each state across the tissue types examined.
MDS facilitates the representation of distances between pairs of samples in lower
dimensional space and samples are assigned 'coordinates' in each dimension. By
applying Prim's algorithm implemented as priority-first search for graphs (64), a
minimum spanning tree (for dissimilarities) that connected all vertices or nodes (denoting
the profile vector for each sample) was found by minimizing the total weighting for its
edges.

For RNA-seq, RNA libraries were prepared using the TruSeq® Stranded Total RNA with
Ribo-Zero™ Gold kit (Illumina) and sequenced using 50-base pair single-end reading on
a HiSeq 2500 instrument (Illumina). Reads were mapped to the mouse genome (mm10)
using Tophat2 (65). To improve mapping, a GTF-file containing exon boundaries of all
known RefSeq genes was supplied to Tophat. Quality control was performed using the
RSEM-based quantification approach (66). HTSeq was used to count features from the
alignment files. The count data was normalized by the trimmed mean of M-values
normalization (TMM) method, followed by variance estimation and applying generalized
linear models (GLMs) in the R language, implementing empirical analysis of digital gene
expression (67) to identify differentially expressed genes. Factorial designs were
incorporated into the analysis by fitting these linear models with the coefficient for each
of the factor combinations and then simultaneously extracting contrasts (67) for the
respective ‘differential-of-differential’ analysis in the two experimental dimensions (virus
infection and genotype status: WT and IFNAR” ).

Enrichment analysis of pathway / biological processes and semantic similarity clustering
Pathway and biological process enrichment analysis were performed as previously
described (68-70). Briefly, data were interrogated from KEGG pathways and gene
ontology biological processes. Each module or category was assessed for statistical




enrichment or over-representation among differentially expressed genes relative to their
representation in the global set of genes in the genome. Nominal p- and Benjamini-
Hochberg-adjusted p-values were computed using the hypergeometric test implemented
in the R programming language. Following enrichment analysis, pathways and biological
processes derived from gene ontology and identified as over-represented were further
subjected to gene semantic similarity analysis to establish similarity or ‘relatedness’
between pathway/process categories, by applying node-based measures of information
content (IC), i.e. how informative or specific each pathway/process category, c is. IC is
defined as the negative log likelihood for the occurrence of ¢ in the pathway/process
knowledgebase or in the most informative common ancestor in the ontology hierarchy,
cvica (71). We utilized the relevance similarity measure (72) , simg,; :

. _2IC(cpmica) _

A semantic similarity map was generated by performing hierarchical clustering using the
Minkowski distance metric on the resulting symmetric matrix of simg,; values for each
pairwise comparison between pathway/process categories.

Statistical Analysis

Data were first analyzed for normal distribution using D’ Agostino and Pearson omnibus
normality tests. Normally distributed data was analyzed using unpaired two-tailed
Student’s #-test for single comparisons, and one-way ANOVA for multiple comparisons.
ANOVA analysis was followed by a Tukey’s post-hoc test. Not normally distributed data
was analyzed using unpaired two-tailed Mann-Whitney U-test for single comparisons.
The statistical test used and P values are indicated in each figure legend. P values of <
0.05 were considered to be statistically significant. *P < 0.05, **P < 0.01, ***P < 0.001
and FoAkp < 0.0001. ns = non significant.
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Fig. S1.

Experimental model of viral infection using genetically engineered reoviruses (A)
Electropherotypes and schematic of T1L, T3D, and T3D-RV gene segments. Purified
viral particles were electrophoresed in an SDS-polyacrylamide gel, which was stained
with ethidium bromide to visualize viral gene segments. Size classes of gene segments,
large (L), medium (M), and small (S) are indicated. (B) Titers of T1L (red circles) and
T3D-RV (blue circles) in Caco-2 cells were determined at the indicated times and MOlIs
by plaque assay. (C to H) WT mice were inoculated perorally with 10" plaque forming
units (PFU) of TIL or T3D-RV. (C) Titers of TIL (n = 7) and T3D-RV (n = 7) in the
indicated small intestinal compartments, Peyer’s patches (PP), mesenteric lymph nodes
(mLN) and spleen were determined at 24 hours post-inoculation (hpi) by plaque assay.
The small intestine was resected from the pylorus to the cecum and sectioned into three
equal parts comprising the duodenum, jejunum and ileum. Viral loads following T1L and
T3D-RV infections were comparable in all tissues assayed with the exception of the
ileum, where the titer produced by T1L was ~ 3-fold greater than that produced by T3D-
RV. However, this difference was not statistically significant (One-way ANOVA, P >
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0.05). (D) At 24 hpi, small intestines of infected mice were resected and processed for
histology. Sections were stained with polyclonal reovirus antiserum (brown).
Representative sections of PP are shown (scale bar: 100 um). (E) At 6 days post-
inoculation (dpi), the ileum was resected, and titers of T1L and T3D-RV were determined
by plaque assay (n = 6 mice per virus strain). (F) At 8 dpi, small intestines of infected
mice were resected and processed for histology. Sections were stained with hematoxylin
and eosin. Representative sections of ileum are shown (scale bar: 100 um). (G) At 18
(open circles) or 21 (filled circles) dpi, sera were collected, heat-inactivated, and used for
a plaque-reduction neutralization assay (n = 10 mice per virus strain). (H) The
intracellular expression of Foxp3 and T-bet in PP CD4" T cells at 6 dpi was evaluated by
flow cytometry. Representative dot plots and percentages of Foxp3- and T-bet-expressing
CD4" T cells are shown. (B) Data represent two independent experiments performed in
triplicate. (C, E, G, and H) Graphs depict two independent experiments. (B, C and H) *P
< 0.05 (One-way ANOVA / Tukey’s multiple comparison). (E and G) ***P < 0.001
(unpaired t-test).
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Fig. S2.

Temporal and spatial gene expression in response to reovirus infection. Heatmap
shows the subset of the 2307 gene features used for generation of the spanning trees (Fig.
2A). These key genes were found to be significantly expressed in the virus response with
respect to sham and exhibited significant expression differences between T1L (T1) and
T3D-RV (T3) in the indicated tissue types.
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Fig. S3.

Enrichment analysis of pathway and biological processes enriched among
differentially expressed genes between T1L and T3D-RYV infected mice. Pathways or
biological processes found enriched among genes that were differentially expressed
between T1L and T3D-RV in lamina propria (Lp) or mLN were grouped on the basis of
their relatedness by performing semantic similarity analysis using the relevance similarity
measure, simg.; (scale ranging from 0 to 1, with 0 being distinct and 1 being identical).
The analysis examines each pair of enriched pathway or process in turn and a semantic
similarity matrix of simg.; values was constructed. From this analysis, a semantic cluster
heatmap was generated and hierarchical clustering was applied to group similar pathways
and processes together. The extent of similarity between pathways and processes scales
with color intensity on the heatmap. Bar graphs showing enrichment scores (-Log;o(BH-
adj.P)) associated with each pathway and process are shown. All meet the nominal
(unadjusted) enrichment significance threshold of P < 0.05 as denoted by the grey bars.
Red bars denote those achieving enrichment significance after Benjamini-Hochberg
adjustment (BH-adj.P < 0.05) to control for the false discovery rate. Clusters of similar
pathways and processes are grouped as indicated by dendrograms, and annotated by
shared concepts.
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Differentially expressed genes (T1L vs T3D-RV)

mLN
PP
Lp
Epithelium
0 50 100 150 200 25'0
B
Early (6h)
Epithelium Lp PP mLN
T1L vs. Sham 190 (122) 99 (97) 267 (204) 77 (64)
T3D-RV vs. Sham| 143 (120) 117 (97) 87 (85) 4(4)
Late (48h)
Epithelium Lp PP mLN
T1L vs. Sham 109 (75) 114 (73) 289 (168) 1534 (691)
T3D-RV vs. Sham 87 (74) 76 (50) 254 (153) 607 (268)
Fig. S4.

Quantitation of differentially expressed genes between T1L and T3D-RYV infected
mice at inductive and effector sites of the gut (A) Bar plot showing the number of
genes differentially expressed between T1L and T3D-RV infection in the respective
tissues analyzed at 6 or 48 hpi as indicated. (B) Number of genes found to be
differentially expressed between reovirus and sham-infected mice in the respective
tissues as indicated (Benjamini-Hochberg-adjusted P < 0.05 and Fold-change > 1.5).

Numbers in parentheses indicate up-regulated genes.
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Fig. SS.

Dendritic cell (DC) activation and ovalbumin (OVA) uptake upon reovirus infection
(A) WT mice (n = 5) were gavaged with OVA-Alexa Fluor-647 18 hours before
euthanasia and OVA-Alexa Fluor-647 uptake by DCs in the mLN was analyzed by flow
cytometry. Representative dot plots and percentages of OVA-Alexa Fluor-647 uptake are
shown in the indicated DC subsets. (B) Similar to (A) but mice were inoculated with 10
PFU of TIL (n = 5), 10° PFU of T3D-RV (n = 5), or PBS (sham, n = 5) at the time of
gavaging with OVA-Alexa Fluor-647. (C to F) WT mice were inoculated perorally with
10® PFU of TIL (n = 6), 10® PFU of T3D-RV (n = 6), or PBS (sham, n = 5) for 2 days. (C
and D) The expression of IL-12p40 in mLN DC subsets was evaluated by flow cytometry.
Representative dot plots (C) and percentages (C and D) of IL-12p40" cells in indicated
mLN DC subsets are shown. (E) The expression of CD86 in mLN DC subsets was
evaluated by flow cytometry. Representative histogram and MFI for CD86 expression in
the indicated DC subsets in the mLN of WT mice is shown. (F) //27 expression in the
mLN 2dpi was analyzed by RT-PCR. (A to F) Graphs depict two independent
experiments. *P < (.05, **P < 0.01, ***P < 0.001, ****P <(0.0001 (One-way ANOVA /
Tukey’s multiple comparison).
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Fig. Sé6.

T1L promotes Tyl immunity to dietary antigen at inductive and effector sites of the
gut (A) In vivo T cell conversion assay model. (B) OT-II" CD45.1" CD4" T cells were
transferred into WT CD45.2" mice. One day after transfer, mice were inoculated
perorally with 10" PFU of TIL (n = 6-12), 10" PFU of T3D-RV (n = 6-9), or PBS
(sham, n = 6-9) and fed 1.5% OVA in the drinking water for 6 days. The intracellular
expression of Foxp3, T-bet, and IFNy in mLN OT-II" CD45.1" CD4" T cells was
evaluated by flow cytometry. Absolute numbers of Foxp3-, T-bet- and IFNy-expressing
CD45.1" CD4" T cells are shown. (C and D) OT-II" CD45.1" CD4" T cells isolated by
MACS beads separation (filled circles) or FACS sorting (open circles) were transferred
into WT CD45.2" mice. One day after transfer, mice were inoculated perorally with 10"
PFU of T1L (n = 4-16), 10"’ PFU of T3D-RV (n = 5-14), or PBS (sham, n = 6-15) and
fed 1.5% OVA in the drinking water (filled circles) or an OVA-containing diet (open
circles) for 6 days. The intracellular expression of IFNy in transferred OT-II" CD45.1"
CD4" T cells in the mLN and in the Lp was evaluated by flow cytometry. Representative
dot plots and percentages of IFNy-producing CD45.1" CD4" T cells are shown in mLN
(C) and in Lp (D) respectively. (B to D) Graphs depict at least two independent
experiments. *P < 0.05, **P < 0.01, ***P < (0.001, ****P <(0.0001 (One-way ANOVA /
Tukey’s multiple comparison).
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Fig. S7.

T cell responses to dietary antigen and viral infection (A and B) OT-II" CD45.1"
CD4" T cells were transferred into WT CD45.2" mice. One day after transfer, mice were
inoculated perorally with 10'® PFU of TIL (n = 6-12), 10" PFU of T3D-RV (n = 6-9), or
PBS (sham, n = 6-9) and fed 1.5% OVA in the drinking water for 6 days. The
intracellular expression of Foxp3, T-bet, and IFNy in mLN CD4" T cells was evaluated
by flow cytometry. Representative dot plots, percentages and absolute numbers of Foxp3-,
T-bet- (A) and IFNy-expressing CD45.1" recipient CD4" T cells (B) are shown. (C and
D) OT-II" CD45.1" CD4" T cells were transferred into WT CD45.2" mice. One day after
transfer, mice were inoculated perorally with 10'° PFU of T1L (n = 4), 10'° PFU of T3D-
RV (n =5), or PBS (sham, n = 6) and fed with an OVA-containing diet for 6 days. The
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intracellular expression of Foxp3, T-bet and IFNy in Lp CD4" T cells was evaluated by
flow cytometry. Representative dot plots, percentages and absolute numbers of Foxp3-,
T-bet- (C) and IFNy-expressing CD45.1" recipient CD4" T cells (D) are shown. (E and F)
WT mice were inoculated perorally with 10'° PFU of TIL, or 10'° PFU of T3D-RV, or
PBS at the initiation of an oral tolerance protocol. Mice were gavaged every other day
with OVA or PBS for 8 days and all mice were immunized subcutaneously (s.c) with
OVA-CFA at 10 dpi. On day 18, draining lymph node (dLN) cells were harvested and
analyzed for production of IFNy by ELISA following OVA in vitro restimulation. Sham
(n=11), OVA (n =11), OVA + TIL (n = 10), and OVA + T3D-RV (n = 6). (G) WT
mice were inoculated perorally with 10' PFU of TIL, 10'° PFU of T3D-RV, or PBS at
the initiation of an oral tolerance protocol. Mice were fed with an OV A-containing diet or
a control diet (sham) for 8 days and then immunized subcutaneously with OVA-CFA at
10 dpi. The levels of OVA-specific IgG2c¢ antibodies were evaluated in the serum at day
18 by ELISA. Sham (n =5), OVA (n=15), OVA + TIL (n=15), and OVA + T3D-RV (n
=5). (A to D and F and G) Graphs depict at least two independent experiments. *P < 0.05,
**p < 0.01, ***P < 0.001, ****P < 0.0001 (One-way ANOVA / Tukey’s multiple
comparison).
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Fig. S8.

Type-1 IFN dependent genes differentially expressed between T1L and T3D-RV

WT and IFNAR”" mice were inoculated perorally with 10° PFU of T1L (n = 3), 10® PFU
of T3D-RV (n = 3), or PBS (sham, n = 3) and euthanized at 2 dpi. RNA of mLN was
isolated for RNA-sequencing analysis. Heatmap showing type-1 IFN-dependent genes
differentially expressed between T1L and T3D-RV. In the sections indicated as “WT” or
“IFNAR"“, the heatmap shows genes that are statistically differentially expressed in T1L
versus sham (T1. vs. S), T3D-RV versus sham (T3. vs. S), and T1L (with respect to
sham) versus T3D-RV (with respect to sham) (T1. vs. T3) in both WT and IFNAR™
mLN. An additional factorial design analysis in the section marked “IFNAR™ vs. WT”
examines the “differential-of-differential” expression, i.e., the transcriptional response
differences to each virus in IFNAR™ versus WT mLN: (T1. vs. S in IFNAR'/') versus (T1.
vs. S in WT), or (T3. vs. S in IFNAR” ) versus (T3. vs. S in WT). Genes with expression
levels found to be significantly different between IFNAR™ and WT by factorial design
analysis were identified as type-1 IFN-dependent. **denotes Benjamini-Hochberg-
adjusted P < 0.05, *denotes nominal P < 0.05.
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Impact of type-1 IFN signaling on the response to dietary antigen (A) WT and
IFNAR™ mice were inoculated perorally with 10° PFU of TIL (n = 6), 10° PFU of T3D-
RV (n = 6) or PBS (sham, n = 6) and euthanized at 2 dpi. ISGI5 expression in the mLN
was analyzed by RT-PCR. (B) IFNP protein expression was analyzed by ELISA in WT
mouse embryonic fibroblasts (MEFs) 16 hpi with T1L or T3D-RV at an MOI of 500
PFU/cell. (C and D) Mx! and Isgl/5 mRNA levels were quantified by RT-PCR in Caco-2
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in WT (n = 3) and IFNAR™” (n = 6) tissue were determined by plaque assay and
expressed as PFU per ml of tissue homogenate. (F, G and I) OT-II" CD45.1" CD4" T
cells were transferred into WT CD45.2" or IFNAR” CD45.2" mice. One day after
transfer, mice were inoculated perorally with 10° PFU of T1L or PBS (sham) and fed
1.5% OVA in the drinking water for 2 days. The expression of CD86 (F) IL-12p40 (G)
and T-bet (I) in the mLN was evaluated by flow cytometry. (F) Representative histogram
and MFI of the expression of CD86 is shown in CD103" CD11b” CD8c." DCs in the mLN.,
(G) Representative dot plots of mLN IL-12p40-producing CD103" CD11b” CD8o.” DCs
are shown. (I) Representative dot plots of mLN T-bet-expressing OT-II" CD45.1" CD4"
T cells are shown. (H) IFNAR™ mice were inoculated perorally with 10° PFU of TIL (n
= 6), 10* PFU of T3D-RV (n = 6), or PBS (sham, n = 6) and were euthanized at 2 dpi.
1127 expression in the mLN was analyzed by RT-PCR. (A to I) Graphs depict two
independent experiments. (A, F and H) *P < 0.05, **P < 0.01, ***P < 0.001, ****P <
0.0001 (One-way ANOVA / Tukey’s multiple comparison). (B to E) *P < 0.05, **P <
0.01 (unpaired t-test).
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dsRNA is sufficient to block pTreg conversion in a type-1 IFN-dependent manner
(A and D) OT-II" CD45.1" CD4" T cells were transferred into WT CD45.2" or IFNAR™
CD45.2" mice. One day after transfer, mice were inoculated with PBS (n = 7) or 50 pg of
poly(I:C) (n = 7) i.p. or 10" PFU of TIL (n = 5) perorally, and fed an OVA-containing
diet for 6 days. The intracellular expression of Foxp3 and IFNy in OT-II" CD45.1" CD4"
T cells in the mLN was evaluated by flow cytometry. Representative dot plots of Foxp3-
(A) and IFNy-expressing CD45.17 CD4" T cells (D) are shown. (B) WT mice were
inoculated with PBS (sham, n = 4) or 50 pg of poly(I:C) (n = 6) i.p. and euthanized 2
days post injection. Ifina expression in the mLN was evaluated by RT-PCR. (C) OT-IT"
CD45.1" CD4" T cells were transferred into WT CD45.2" mice. One day after transfer,
mice received PBS (sham, n = 5) or IFN (n = 4) i.p. or were inoculated perorally with
10" PFU of TIL (n = 5), and fed an OVA-containing diet for 6 days. The intracellular
expression of Foxp3 and IFNy in OT-II" CD45.1" CD4" T cells in the mLN was
evaluated by flow cytometry. Representative dot plots and percentages of Foxp3- and
IFNy-expressing CD45.1" CD4" T cells are shown. (B and C) Graphs depict two
independent experiments. (B) *P < 0.05 (unpaired t-test). (C) **P < 0.01, ***P < 0.001,
*axEP <0.0001 (One-way ANOVA / Tukey’s multiple comparison).
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Role of IRF1 signaling in the response to dietary antigens upon reovirus infection
(A) WT and IFNAR™" mice were inoculated perorally with 10* PFU of TIL (n = 3), 10®
PFU of T3D-RV (n = 3), or PBS (sham, n = 3) and euthanized at 2 dpi. RNA of mLN
was isolated for RNA-seq analysis. Heatmap showing genes differentially expressed
between TIL and T3D-RV in a type-1 IFN-independent manner. Differential
transcriptional responses for T1L versus sham (T1. vs. S), T3D-RV versus sham (T3. vs.
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S), and T1L (with respect to sham) versus T3D-RV (with respect to sham) (T1. vs. T3)
are shown in sub-sections labeled “WT” or “IFNAR’. Factorial design analysis
indicates no statistical difference between IFNAR” and WT mLN (third sub-section
labeled “IFNAR ™" vs. WT”) for these genes. **denotes Benjamini-Hochberg-adjusted P <
0.05, *denotes nominal P < 0.05. (B) WT and IFNAR”" mice were inoculated perorally
with 10* PFU of T1L, 10® PFU of T3D-RV or PBS (sham) and euthanized at 2 dpi. //15
expression in the mLN was analyzed by RT-PCR. WT sham (n = 5), WT TIL (n = 6),
WT T3D-RV (n = 6), IFNAR” sham (n = 3), IFNAR™ TIL (n = 3), and IFNAR”" T3D-
RV (n =3). (C, E, F, L to N) OT-II' CD45.1" CD4" T cells were transferred into WT
CD45.2" or IRF17" CD45.2" mice. One day after transfer, mice were inoculated perorally
with 10® PFU of T1L or PBS (sham) and fed 1.5% OVA in the drinking water for 2 days.
(C) At 2 dpi, a 1cm section of ileum was resected, and viral titers in this tissue were
determined by plaque assay. (E, F, L to N) The expression of IL-12p40, CD86, and T-bet
in the mLN was evaluated by flow cytometry. (E) Representative dot plots of mLN IL-
12p40-producing CD103" CD11b” CD8a." DC are shown. (F) Representative histogram
and MFI for CD86 expression in mLN CD103" CD11b" CD8a." DCs are shown. (L)
Representative dot plots, (M) percentages and, (N) absolute numbers of T-bet-expressing
CD45.1" CD4" T cells are shown. (D, K, and O) OT-II' CD45.1" CD4" T cells were
transferred into WT CD45.2" or IRF17~ CD45.2" mice. One day after transfer, mice were
inoculated perorally with 10'° PFU of TI1L or PBS (sham) and fed 1.5% OVA in the
drinking water for 6 days. (D) At 6 dpi, a 1cm section of ileum was resected, and viral
titers in this tissue were determined by plaque assay. (K and O) Intracellular expressions
of Foxp3 and IFNy were evaluated by flow cytometry. Absolute numbers of Foxp3- (K)
and IFNy-expressing CD45.1" CD4" T cells (O) in the mLN are shown. WT sham (n = 6),
WT TIL (n = 5), IRF1”" sham (n = 4), and IRF1"" TIL (n = 6). (G to J) WT and IRF1™”-
mice were inoculated perorally with 10° PFU of TI1L or PBS (sham) and euthanized at 2
dpi. (G) 1112b, (H) /127, (I) MxI and (J) Isgl5 expression in the mLN was analyzed by
RT-PCR, WT sham (n = 4), WT TIL (n = 4), IRF1”" sham (n = 6), IRF1”" T1L (n = 6).
(B to O) Graphs depict two independent experiments. (B, G to K, M to O) *P < 0.05, **P
< 0.01, ***p < 0.001, ****P < 0.0001 (One-way ANOVA / Tukey’s multiple
comparison). (C and D) (unpaired t-test).
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Fig. S12.

Role of IRF1 in dendritic cells (A to E) WT and IRF1”~ mice were inoculated perorally
with 10* PFU of TIL or PBS (sham) and euthanized at 2 dpi. (A) The DC subsets
distribution in the mLN was evaluated by flow cytometry. The percentages of each DC
subset are indicated. WT sham (n = 4, open grey circles), WT T1L (n = 4, closed red
circles), IRF17" sham (n = 5, closed grey circles), and IRF1”™ TIL (n = 5, open red
circles). (B) The four major DC subsets (CD103" CD11b” CD8a., CD103" CDI1b
CDS8o, CD103" CD11b", CD103” CD11b") from WT or IRF1”- mLN were FACS sorted
and reconstituted at the WT ratio and incubated together with naive OT-II" CD4" T cells
for 5 days in presence of OVA with or without anti-IL12 neutralizing antibody. (C)
Intracellular expression of IFNy in OT-II CD4" T cells was evaluated by flow cytometry.
Representative dot plots and percentages of IFNy-expressing CD4" T cells are shown. (D
and E) Levels of IFNy and IL-12p40 in the co-culture supernatants were evaluated by
BioPlex. (A and C to E) Graphs depict two independent experiments. (A and E) *P <
0.05, **P < 0.01, ***P < 0.001 (unpaired t-test). (C and D) *P < 0.05, **P < 0.01 (One-
way ANOVA / Tukey’s multiple comparison).
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Fig. S13.

Two reoviruses similarly infect the intestine and induce protective immunity, but
differ in their immunopathological outcomes.

Under homeostatic conditions, regulatory T cell responses to dietary antigen are induced
in the small intestine (Oral tolerance). TIL and T3D-RV reoviruses induce immune
responses in Peyer’s patches, the site where protective immunity to reovirus is induced.
In contrast, in mesenteric lymph nodes, the site of oral tolerance induction, T1L but not
T3D-RV upregulates type-1 IFN signaling (Mx1; type-1 IFN induced gene; proxy for
type-1 IFN) as well as IL-12 and IL-27 production by dendritic cells. Consequently, T1L
but not T3D-RV infection inhibits the conversion of peripheral regulatory Foxp3™ T cells
(pTreg) and promotes development of Tyl immunity to dietary antigen (Loss of oral
tolerance). While type-1 IFN signaling (Mx1) in antigen-presenting cells plays a role in
blocking pTreg conversion, IRF1 is required for the induction of IL-12 and IL-27, and the
subsequent development of Tyl immunity to dietary antigen.
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Fig. S14.

DC activation and gliadin uptake upon reovirus infection of DQ8tg mice (A and B)
DQ8tg mice (n = 4) were gavaged with Alexa Fluor-647-labelled gliadin (Glia-Alexa
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Fluor-647) 18h before euthanasia, and Glia-Alexa Fluor-647 uptake by DCs was
analyzed by flow cytometry. (A) Percentages and (B) dot plots depicting Glia-Alexa
Fluor-647 uptake by the indicated DC subsets are shown. (C) DQ8tg mice were gavaged
with OVA-Alexa Fluor-647 and inoculated with 10° PFU of T1L (n = 5) or PBS (sham, n
= 5). At 18 hpi, mice were euthanized, and Glia-Alexa Fluor-647 uptake by DCs in the
mLN was analyzed by flow cytometry. Percentages of Glia-Alexa Fluor-647 uptake by
the indicated DC subsets are shown. (D to G) DQ8tg mice were inoculated perorally with
10® PFU of TIL (n = 5) or PBS (sham, n = 5) and euthanized at 2 dpi. (D to F) The
expression of IL-12p40 and CD86 in mLN DCs was evaluated by flow cytometry. (D)
Representative dot plots of IL-12p40-producing CD103" CD11b” CD8a." DCs are shown.
(E) Representative histogram and MFI for CD86 expression and (F) percentage of mLN
IL-12p40-producing DCs are shown. (G) /27 expression in the mLN was evaluated by
RT-PCR. (H) Delayed type hypersensitivity (DTH) experimental design. (A to G) Graphs
depict two independent experiments. (A) *P < 0.05, ***P <0.001, ****P <(0.0001 (One-
way ANOVA / Tukey’s multiple comparison). (C and E to G) *P < 0.05, **P < 0.01,
*ExXP <0.001, ****P <(0.0001 (unpaired t-test).
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